Abstract. Mortality and morbidity associated with cholera acquired in a modern endemic setting have not been well defined. In Dhaka, Bangladesh from 1986 to 1996, we found that causative agents of cholera shifted over time, varying by serogroup, biotype, and serotype. At the International Centre for Diarrhoeal Disease Research (ICDDR,B: Centre for Health and Population Research) in 1996, 19,100 cholera patients were treated, 887 (4.6%) were admitted, and 33 died (mortality rate ϭ 3.7% of cholera inpatients, 0.14% of all cholera patients). When cholera inpatients who were discharged improved were compared with those who died, bacteremia (odds ratio [OR] ϭ 10.5, 95% confidence interval [CI] ϭ 2.9-37.9), radiographic evidence of pneumonia (OR ϭ 3.1, 95% CI ϭ 1.2-7.7), and acidosis as estimated by the serum bicarbonate value (OR ϭ 0.893, 95% CI ϭ 0.825-0.963) were independently associated with death by multivariate analysis. Pneumonia was the leading cause of death and accounted for two-thirds of all deaths among individuals with cholera in this study. Death in hospitalized patients with cholera acquired in a modern endemic setting is, therefore, extremely rare, and most frequently due to concomitant infection, especially pneumonia.
INTRODUCTION
Cholera is a watery diarrhea caused by the gram-negative bacillus Vibrio cholerae serogroup O1 or O139; if untreated, it is often lethal. Each year, five to seven million cases of cholera occur worldwide, resulting in approximately 100,000 deaths. 1 Cholera epidemics can occur when V. cholerae is introduced into populations lacking protective immunity. 2, 3 The morbidity and mortality associated with epidemic cholera are primarily related to severe fluid and electrolyte depletion, and epidemic cholera can be associated with extremely high death rates. Of the approximately 500,000-800,000 refugees in Goma, Zaire in 1994, for example, an estimated 50,000 died within a 21-day period due to explosive epidemics of cholera and shigellosis. 4, 5 Despite such dramatic manifestations of epidemic cholera, most cholera cases actually occur in areas of the world endemic for this infection, such as in Bangladesh. 2, [6] [7] [8] [9] Endemic cholera results when V. cholerae organisms persist in the environment and when infection of a human population is ongoing and longterm. 8, 10, 11 Due to the effects of varying degrees of pre-existing immunity, experience with the use of rehydration fluid therapy, and the influence of malnutrition and other co-morbid conditions common in cholera endemic areas, the clinical features of endemic cholera are distinct from those of epidemic cholera. 6, 8, 10, 12, 13 Despite this, the morbidity and mortality currently associated with endemic cholera remain less well defined than those associated with epidemic cholera. 11, [14] [15] [16] In particular, causes of death among individuals hospitalized with cholera in a modern endemic setting remain largely unexamined.
In this study, we examined data from patients presenting with cholera in an endemic setting in urban Bangladesh. We characterized clinical and microbiologic features of cholera, and identified features associated with hospital admission and death.
PATIENTS AND METHODS

Study site and patients. The International Centre for Diarrhoeal Disease Research in Bangladesh (ICDDR,B: Centre for Health and Population Research) maintains a Clinical
Research and Service Centre in Dhaka, Bangladesh. The Centre serves an urban population of approximately 8,000,000 individuals, 17 and provides care for more than 100,000 individuals with diarrhea each year. Since 1979, when the population of Dhaka was estimated to be approximately three million, 17 the ICDDR,B has maintained a surveillance system that obtains detailed information on every 25th patient presenting to the Centre (every 50th patient after 1995); this information includes a detailed history, physical examination, and microbiologic examination of stool or rectal swab sample for bacterial, viral, and parasitic enteric pathogens. 18 Vibrio cholerae organisms are identified on taurocholate-tellurite-gelatin plates using standard microbiologic methods; serogrouping and serotyping are performed using specific antisera. [18] [19] [20] [21] [22] [23] The Centre maintains an outpatient treatment pavilion as well as an inpatient ward. Most individuals presenting with diarrhea to the Centre are treated in the outpatient pavilion where rehydration therapy (oral and intravenous) and antibiotics (oral amoxicillin, erythromycin, or doxycycline) can be administered; patient education programs also occur in the pavilion. Most outpatients are treated and released within 24 hr of presenting to the Centre. Individuals who require additional care are admitted to the inpatient unit.
To determine the cause of death and complications occurring in individuals with cholera, we reviewed the hospital record of every second patient admitted to the inpatient unit with microbiologically confirmed cholera in 1996. In addition, we reviewed the hospital record of every patient with cholera in 1996 who 1) died in the hospital, 2) was referred to another hospital for additional care, or 3) left the hospital against medical advice. We also reviewed the records of all persons, both inpatient and outpatients, infected with V. cholerae O1 or O139 who were identified as part of the surveillance system for 1996. To place the data for cholera in 1996 in perspective, we compared cholera presentations, cholera admissions to the inpatient unit, and cholera deaths for the years 1986-1996.
The following information from the time of presentation was abstracted from the medical records of cholera inpatients cared for in 1996: age, gender, duration of diarrhea, stool consistency, recent illness, diet, use of rehydration therapy (oral and intravenous) before presentation, history of cough, and severity of dehydration. The following information from the time of admission for inpatients, or at the time of presentation for cholera outpatients identified as part of the surveillance system, was also abstracted: weight-forage as a percentage of the median weight for the age group; 24 temperature; presence on physical examination of xerophthalmia, edema, labored/gasping respirations, lung field crepitations, abdominal distention, seizures, or unconsciousness; type of V. cholerae isolated in stool; and isolation of Salmonella or Shigella species in stool. Therapeutic interventions and outcome (categorized as discharged improved, discharged against medical advice, transferred, or died in-hospital) were also recorded.
Statistical analysis. StatPac Gold version 3.2 (Walonick Associates, Minneapolis, MN) was used for database entry. Data analysis was performed in part using the Statistical Package for Social Sciences version 8.0 for Windows (SPSS, Chicago, IL). The significance of differences in proportions was calculated with the chi-square test or Fisher's exact test if the size of any cell was Յ 5. For comparison of three or more groups, the chi-square test for m ϫ 2 tables was used. The significance of differences in continuous variables involving three groups was tested using the Kruskal-Wallis test for K independent samples. For testing the significance of differences between two groups, the Student's t-test for independent samples was used for normally distributed continuous data, and the Mann-Whitney U test was used for non-normally distributed data.
Features independently associated with in-hospital death were determined by multiple logistic regression analysis; variables found significantly associated with death in univariate analyses (P Յ 0.10) were included in the initial multivariate model. Variables were removed in a stepwise fashion if the probability associated with the likelihood ratio statistic for that variable exceeded 0.05. The final multiple logistic regression analysis included only those variables that were significant in the initial model. Multivariate odds ratios and confidence intervals were calculated from the coefficient of the multiple regression model.
RESULTS
Cholera cases, 1986-1996. Based on extrapolations from the surveillance study sample of every 25th (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) or 50th (1996) outpatient, the estimated number of patients presenting with cholera to the ICDDR,B varied from 2,600 in 1989 to 35,175 in 1993 (mean ϭ 12,834 per year) ( Table 1) . Based on phenotypic characteristics, V. cholerae serogroup O1 organisms can be classified as classical or El Tor biotypes; based on differences in antigenic determinants of the lipopolysaccharide O antigen, the organisms can be further subclassified into serotypes Inaba and Ogawa. 20, 25 Since 1987, V. cholerae O1 El Tor biotype has been the predominant cholera-causing organism isolated at the ICDDR,B with the exception of 1993, when V. cholerae O139 accounted for the majority of cholera cases (80.7%). When classical and El Tor biotypes were considered, Ogawa serotype accounted for the majority (89.0%) of all V. cholerae O1 isolates throughout the time period reviewed. From 1986 to 1996, the number of cholera cases caused by specific V. cholerae organisms peaked at different times; with V. cholerae O1 classical Ogawa peaking in 1987, V. cholerae O1 El Tor Inaba in 1988, V. cholerae O1 El Tor Ogawa in 1991, V. cholerae O139 in 1993, and V. cholerae O1 El Tor Ogawa again in 1995 ( Figure 1 ).
The number of individuals admitted to the inpatient unit yearly with cholera has generally been proportional to the number presenting with cholera each year and has ranged from a low of 102 in 1990 to a high of 963 in 1995 (mean ϭ 470 per year). The admission rate of individuals present- ing with cholera from 1986 to 1996 was 3.4% (range ϭ 1.1-9.8% per year of presenting cholera patients). Surveillance patients presenting with cholera, 1996. In 1996, 382 (17.6%) of the 2,171 individuals with diarrhea enrolled in the surveillance system were infected with V. cholerae O1 or O139. When extrapolated to the 108,550 individuals presenting to the ICDDR,B that year, an estimated 19,100 individuals presented with cholera to the ICDDR,B in 1996. Cholera patients had a median age of 10 years; 55.2% were Յ 15 years of age, 39.3 percent were Յ 5 years of age, and 12.0 percent were Յ 1 year of age. Fiftyfive percent were male. Watery stools were present in 97.9% of the cholera patients. Vibrio cholerae O1 El Tor Ogawa accounted for 74.6% of the isolates, 8.7% were V. cholerae O1 El Tor Inaba, and 16.7% were V. cholerae O139. Children and child-bearing age women with cholera were routinely treated with a three-day course of oral erythromycin, all other patients with cholera were routinely treated with either a one time oral dose of 300 mg of doxycycline or a three-day course of 100 mg (twice a day) of doxycycline. An additional enteric pathogen was identified from 84 (22%) of the 382 persons with cholera entered into the surveillance study (Table 2) . Salmonella or Shigella species were isolated in 4.5% of the patients; none had bloody diarrhea suggestive of disease from these second infections. No patient identified with cholera as part of the surveillance system died or required referral to another hospital; 2.9% were admitted, and 3.2% left the Centre against medical advice.
Comparison of cases with cholera treated as inpatients versus outpatients, 1996. In 1996, 5,720 patients were admitted to the ICDDR,B inpatient wards; 887 (15.5%) of these individuals were infected with V. cholerae O1 or O139. Cholera inpatients represented 4.6% of the estimated 19,100 patients presenting with cholera in 1996. A number of differences were found between inpatients and outpatients with cholera (P Յ 0.05). When compared with cholera outpatients, inpatients were significantly younger (median age ϭ 9 months versus 144 months), more malnourished (percentage of median weight-for-age, 65.4% versus 73.2%), 24 more likely to have a longer duration of diarrhea (median ϭ 72 hr versus 18 hr), co-infection with Salmonella or Shigella species (10.6% versus 3.8%), or blood in stool (2.9% versus 0.5%), more likely to have evidence of respiratory infection including cough (33.5% versus 23.7%), labored or gasping respirations (15.1% versus 0.8%), or lung field crepitations (29.4% versus 1.6%), and more likely to be febrile (temperature Ն 37.8ЊC, 33.6% versus 3.5%), and to have peripheral edema (6.4% versus 0%).
Volume status and rehydration therapy. The majority (90.3%) of cholera outpatients and inpatients used oral rehydration therapy before presenting to the ICDDR,B. The majority of cholera outpatients (74.7%) and inpatients (78.3%) were treated with intravenous fluids within 24 hr of arriving at the Centre. Information on therapeutic complications of rehydration was available for cholera inpatients only. Of the 450 (50.7%) cholera inpatients whose serum sodium level was measured on admission, 12 (2.7%) had a serum sodium level Ն 146 mmol/L and 52 (11.6%) had a serum sodium level Յ 125 mmol/L. The contribution that rehydration therapy made to electrolyte disturbances in these individuals was unclear. Tetany or carpal pedal spasm developed in 31 (6.3%) cholera inpatients who were treated with intravenous fluids, and in none of the cholera inpatients who were treated solely with oral rehydration therapy. All patients who developed tetany or carpal pedal spasm were acidotic at admission, and all were receiving bicarbonate containing intravenous fluids; serum calcium levels were not checked. Two three-month-old malnourished children treated with intravenous fluid therapy developed overt congestive heart failure. One adult patient developed fatal nosocomial intravenous catheter/infusate related sepsis. Three adult patients had acute neurologic deficits consistent with hypovolemia related cerebral ischemia, and two adult patients had cardiac ischemic events. Of the 113 cholera patients whose serum creatinine levels were measured at admission, 31
Reasons for referral. After being rehydrated and stabilized, 23 (2.6%) of the 887 cholera inpatients were referred to another hospital. Anuria, presumably secondary to cholera associated hypovolemia, was the most common reason for referral (12 of 23, 52.2%). Acute cerebral ischemia (3 of 23, 13%), neonatal sepsis (3 of 23, 13%), progressive pneumonia/respiratory failure (2 of 23, 8.7%), disseminated tuberculosis (1 of 23, 4.3%), surgical evaluation of the abdomen (1 of 23, 4.3%), and nutritional rehabilitation (1 of 23, 4.3%) accounted for the remainder. Information on the final illness outcome for these patients could not be obtained.
Outcome and risk factors for death. Death rate, 1986 to 1996. From 1986 to 1996, the death rate of cholera inpatients was 4.1% (range ϭ 2.6-6.1% per year); when cholera outpatients are included, the death rate was 0.14% (range ϭ 0.07-0.38% per year) ( Table 1) .
Admission characteristics by outcome, 1996. Data on admission from 377 patients with cholera in 1996 who were subsequently discharged improved were compared with admission data for the 33 patients admitted with cholera who subsequently died in-hospital (Table 3 ). In univariate analysis, inpatients who died in-hospital differed from those discharged improved in a number of important aspects, including level of dehydration, level of consciousness, nutritional status, degree of acidosis, incidence of hypoglycemia, evidence of respiratory infection, and likelihood of bacteremia. In multivariate analysis, factors independently predictive of death were bacteremia, radiographic evidence of pneumonia, and acidosis (Table 4) .
Causes of death. The hospital records of the 33 cholera patients who died in-hospital were reviewed to establish cause of death (Table 5 ). Six patients died of hypovolemic shock, four of whom were pulseless and unconscious upon arriving at the ICDDR,B. All six of these patients died within 12 hr of arriving; five died within 5 hr (Figure 2 ) (death rate due to hypovolemic shock ϭ 0.7% of cholera inpatients, 0.03% of all patients presenting with cholera).
Concomitant infection was the cause of death in the remaining 27 patients (death rate ϭ 3.0% of cholera inpatients, 0.14% of all presenting cholera patients). Twenty of these patients had pneumonia, and two patients had pneumonia plus persistent Salmonella species serogroup B bacteremia/ paratyphoid fever. Overwhelming sepsis was the cause of death in the remaining five patients. The source of sepsis in one patient was felt to be intravenous catheter-infusate related. The source of sepsis in the remaining four patients was unclear. Three of the four individuals with sepsis of unclear origin were Յ 12 months of age. Blood was cultured at the time of admission in 29 of the patients dying in-hospital; seven (24.1%) had organisms isolated (Table 3) . Bacteremia was eventually documented in 11 of the 26 patients (42.3%) who died of concomitant infections whose blood was cultured during their hospital stay. All 27 of the patients who died of concomitant infection received antibiotics. The initial antibiotic used in 18 of the patients was intravenous ampicillin with or without intravenous gentamicin. In 17 of these individuals, antibiotics were eventually changed to intravenous ceftriaxone with or without gentamicin. Twentyfive of the individuals who died of concomitant infection were treated with intravenous ceftriaxone before death, and 25 individuals were treated with intravenous gentamicin before death. Twelve individuals also received oral erythromycin, and six received intravenous metronidazole before death.
DISCUSSION
The main finding of our study is that concomitant infection accounted for the majority of deaths in hospitalized patients with cholera cared for in this endemic area. Concomitant infection was the cause of four of every five deaths in cholera patients in this study, and accounted for almost all deaths in children twelve months of age or younger. Although concomitant infection has previously been recognized as contributing to the morbidity and mortality associ- Values are no./total no. with data (%), unless otherwise noted. If data were available for all patients, no denominator is listed. * Values are median (25th, 75th centile) (no.). If data were available for all patients no (no.) is listed. † Values are no. (% age cohort). For the age cohort of Յ5 years of age, there were 341 cholera patients who were discharged improved and 28 cholera patients who died in-hospital. Data were available for all individuals in the age cohort.
‡ Values are no./total no. Յ1 year of age with data (%). For the age cohort of Յ1 year of age, there were 220 cholera patients who were discharged improved and 22 cholera patients who died in-hospital. No denominator is shown if data were available for all individuals in the age cohort.
§ Weight-for-age as a percentage of the median weight for the age group based on National Center for Health Statistics (NCHS) standards 24 . Values are mean Ϯ SD. (no./total no. Յ15 years of age). Based on rehydrated weight (defined as weight 72 hours after presentation, or the last recorded weight if patient was rehydrated, clinically stabilized, and discharged within 72 hours of presenting).
Conjunctival or corneal xerosis, Bitot's spots, corneal erosion, or night blindness. # Values are mean Ϯ SD. (no.) ** For individuals discharged improved, the causative organisms were Acinetobacter spp. (1) and Enterobacter sp. (1) . Individuals whose blood cultures grew only non-Staphylococcus aureus staphylococcal species were not considered to have bacteremia.
† † Regarding radiographic severity of pneumonia, a perihilar infiltrate was defined as a pulmonary parenchymal infiltrate involving the perihilar one-third of at least one of the lung fields on chest radiography. A peripheral infiltrate was defined as a pulmonary parenchymal infiltrate involving the peripheral two-thirds of at least one of the lung fields on chest radiography.
OR ϭ odds ratio; CI ϭ confidence interval. * Patients were included in the final multiple logistic regression analysis if data were available for all variables significant in initial models. Data on all characteristics were available for 320 of 410 (78%) admitted cholera patients who were discharged improved or who died in-hospital: 296 of 377 (78.5%) patients who were discharged improved; 24 of 33 (72.7%) patients who died in-hospital.
† Individuals whose blood was never cultured were considered to have not been bacteremic. ‡ Individuals whose lung fields were never imaged were considered to not have a radiographic infiltrate. § A perihilar infiltrate was defined as a pulmonary parenchymal infiltrate involving the perihilar one-third of at least one of the lung fields on chest radiography. A peripheral infiltrate was defined as a pulmonary parenchymal infiltrate involving the peripheral two-thirds of at least one of the lung fields on chest radiography.
The odds ratio (OR) of less than 1 reflects the association of lower serum bicarbonate values (acidosis) with death. OR ϭ odds ratio; CI ϭ confidence interval. ated with cholera, 14, 16, [26] [27] [28] [29] its role as a leading cause of death has not previously been reported. This finding is in large part due to the success of rehydration therapy programs and the virtual elimination of hypovolemia as a cause of death among hospitalized patients with cholera in this setting. 30 The number of individuals with cholera who die before reaching medical attention in this modern urban area endemic for cholera, however, is not presently known. 31 Two concomitant infections predominated in cholera patients in this study: respiratory infections and enteric coinfections. Mortality was primarily associated with the former. The pathogens responsible for the respiratory infections remain largely undefined at present, 28, 29, 32 as is the possible contribution of cholera-induced vomiting and aspiration to the pulmonary pathology.
In this study, one of every five surveillance system patients infected with V. cholerae O1 or O139 had a second enteric pathogen identified in stool. Asymptomatic, transient, intestinal passage of V. cholerae can occur in individuals immune to V. cholerae infection, and amelioration of the severity of the clinical features of cholera can be seen in individuals with partially protective immunity. 8, [33] [34] [35] [36] [37] [38] [39] Although it was not possible to discern the relative contributions of identified organisms to the clinical manifestations in any given patient, and although screening of stool for heatlabile enterotoxin-secreting Escherichia coli that can cause watery diarrhea was not routinely performed at the Centre, all patients reported in this study presented with diarrhea, almost all had watery diarrhea, and all had V. cholerae O1 or O139 isolated from their stool, suggesting that V. cholerae was playing a pathogenic role in most patients.
Death from cholera rarely resulted from hypovolemic shock in patients cared for in this endemic setting capable of appropriately managing fluid therapy. This is in sharp contrast to the situation in areas unable to implement appropriate rehydration therapy. 5, 30 Community education programs stressing the importance of rehydration therapy; the wide-spread availability and early home use of oral rehydration therapy; possibly the presence of pre-existing partial immunity protective against severe cholera; and, perhaps most importantly, the liberal and effective use of intravenous fluid therapy at the Centre probably accounted for this low mortality rate due to hypovolemia. 5, 8, [34] [35] [36] [37] [38] 40, 41 With aggressive rehydration, hypovolemia-associated morbidities, including renal dysfunction and cardiac and neurologic ischemic events, were rare. Fluid replacement therapy was well tolerated by most patients and was rarely associated with fluid overload, intravenous access related nosocomial infections, possibly electrolyte imbalances, and tetany, the latter in individuals receiving intravenous solutions containing bicarbonate and possibly related to sudden alterations in blood pH and transient induction of hypocalcemia. 42, 43 When the causative agents of cholera were defined to the serogroup, biotype, and serotype level, we also found a pattern in which a sudden increase in cholera cases caused by a specific V. cholerae organism was followed within one to two years by a decrease in frequency of that organism and a sudden increase in cases caused by a new V. cholerae organism. Such an occurrence was particularly evident when considering V. cholerae O139 infections. Vibrio cholerae O139 first emerged as a cause of cholera in 1992 in South Asia; immunity to V. cholerae O1 and O139 do not cross protect. 44, 45 As confirmed in this study, endemic cholera is primarily a pediatric disease. 8, 10, 11 Early induction and, possibly, maintenance of partial or complete immunity by repetitive exposure to V. cholerae organisms usually protects older individuals who have resided long term in a cholera endemic area from developing clinically significant disease. 37, 46, 47 In 1993, the population of Dhaka lacked immunity against V. cholerae O139, explaining, in part, the marked increase in cholera cases observed that year. 23, 45 Since 1993, the incidence of cholera caused by V. cholerae O139 has declined, possibly related to induction of immune responses in affected individuals, and/or to poorly understood environmental or bacterial factors. [48] [49] [50] Reasons for the disappearance of classical V. cholerae O1 and the sudden increases and decreases in cholera cases caused by specific El Tor Ogawa and Inaba V. cholerae O1 organisms are less well understood, but may relate to varying degrees of immunologic cross-protection, environmental ecology of organisms, or clonal selection. 8, 48, [50] [51] [52] [53] [54] [55] In conclusion, causative agents of cholera vary over time in an endemic setting, perhaps related to immunologic crossprotection, clonal selection, and/or environmental ecology of organisms. Additionally, death in hospitalized patients with cholera acquired in a modern endemic setting capable of appropriately managing fluid replacement therapy is most frequently due to concomitant infection, especially pneumonia. Further evaluation of such respiratory infections is warranted.
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